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ABSTRACT  
 
During the last ten years, a long history of data has been 
acquired by the SAR sensors on board the ERS-1 and 
ERS-2 satellites offering a wide range of interferometric 
applications. With the launch of ENVISAT in 2002, the 
more advanced SAR (ASAR) has given continuity to 
the success of the remote sensing mission of the ERS 
satellites by ensuring and increasing the value of the 
archived ERS data. The subject of this study under 
ESA’s 3
rd Announcement of Opportunities is to 
demonstrate the continuity of the interferometric 
measurements obtained from the combination of long 
temporal series of SAR differential interferograms in 
order to derive small subsidence displacements. The 
implemented technique makes use of either ERS SAR 
or ASAR differential phase measurements to generate 
long term terrain movement maps with the same 
resolution as the original SAR images without spatial 
interpolation. The algorithm is capable to use all the 
available phase information even in conditions of large 
baselines or platform instabilities giving place to large 
Doppler centroid variations. Such artifacts are handled 
by precise location estimate of the scatter within the 
pixel and accurate elevation extraction. One interesting 
by-product of this technique is the interpretation of the 
DEM errors as an approximation of a DSM (Digital 
Surface Model) in low density urban and peri-urban 
environments and the use of such measurements to 
improve precise target positioning. Continuity on the 
displacements measured from both sensors after 
atmospheric artifacts removal will be showed in the 
results. 
 
1. INTRODUCTION 
 
Radar interferometry is a well-established remote 
sensing technique. Up to now, acquisitions from the 
same or from equivalent radar sensors were processed. 
The new ASAR sensor offers the capability of 
increasing this technique’s possibilities and applications 
by merging data acquired from different SAR radars. 
 
The interferometric combination of ENVISAT and ERS 
data is not as simple as it used to be with the similar  
 
 
 
constructed SAR sensors on board the ERS-1 and ERS-
2 satellites. Specially, the difference of 31 MHz 
between both radar center frequencies prevents the 
simple combination of the different sensor data because 
the interferometric phase is obviously strongly 
dependent on the wavelength and thus on the radar 
frequency.  The radar center frequency of 
ENVISAT/ASAR (5.331 GHz) has been slightly shifted 
compared to the sensors ERS-1 and ERS-2 (5.300 Hz). 
To compensate this frequency change, the 
interferometric observation geometry needs to fulfil 
certain requirements, i.e. large baselines, which 
obviously depend on the terrain slopes [1], [2]. 
 
The implemented technique SPN (Stable Point 
Network) makes use of either ERS SAR or ASAR 
differential phase measurements to generate long term 
terrain movement and precise DEM  maps with the 
same resolution as the original SAR images. The 
estimations are done on every image pixel  without 
spatial interpolation. The algorithm is capable to use all 
the available phase information even in conditions of 
large baselines or platform instabilities giving place to 
large Doppler centroid variations [3]. Such artefacts are 
handled by precise location estimate of the scatter 
within the pixel and accurate elevation extraction. One 
interesting by-product of this technique is the 
interpretation of the DEM errors as an approximation of 
a DSM (Digital Surface Model) in low density urban 
and peri-urban environments, which are related to 
building absolute height. Continuity on the 
displacements measured from both sensors after 
atmospheric artefacts removal will be showed in the 
results. 
 
2.  HIGH RESOLUTION TIME SERIES 
ANALYSIS 
 
The scope of this experiment is to prove the continuity 
of the deformation measurements based on SAR phase 
imagery between ERS/SAR and ENVISAT/ASAR. This 
demonstration is the most crucial point of the SAR 
remote sensing from an operational point of view. It 
includes the integration of ASAR acquisitions in a set of 
ERS acquisitions and the control of the accuracy of the 
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means test of continuity between ERS and ENVISAT in 
a qualitative and a quantitative way.  
 
The presented test was carried out in the city of 
Barcelona (Spain) using the Stable Point Network 
analysis, developed by ALTAMIRA INFORMATION 
to merge the available ENVISAT/ASAR images (only 
5) in a set of 68 ERS images. The software has been 
updated in order to perform the common co-registration 
of ERS and ENVISAT images which is a pre-requisite 
to any work of phase integration. For this demonstration 
part, additional tools to the DIAPASON INSAR 
processing chain, currently being adapted to ASAR, 
facilitate the task considerably. 
 
The Stable Point Network chain generates different 
kinds of products. The mean subsidence rate can be 
derived using only 6 images. In addition a DEM error 
map is produced working indifferently at any resolution. 
Extraction of subsidence profiles requires from 15 to 30 
images, depending on the velocity of displacement 
versus the intervals  between image acquisitions. In any 
case, the increase  in number of images improves the 
quality of the estimate.  
 
On this example  on the city of Barcelona, the mean 
subsidence and the DEM error maps are estimated with 
an accuracy better than 1 millimetre and 1 meter at SLC 
radar full resolution [4]. This is a key point because in 
order to check the phase continuity between both 
sensors the time series of the estimated displacement in 
the satellites line of sight of coherent pixels are 
investigated. This is the main reason for working at full 
resolution, because the phases must be analysed as clean 
as possible, taking into account only single target 
contributions. It must be checked that the phase 
behaviour of the ENVISAT samples are correlated with 
the ERS-1/2 time series. 
 
2.1.  Precise stable point georeferencing 
 
The geocoding procedure is carried out using the DEM 
error obtained with the ERS1/2 complete dataset group 
by means of the SPN software without any prior 
information. In order to achieve an accurate geocoding, 
the final point position is corrected by taking into 
account the detected vertical height of every point in the 
radar geometry. Thus, the obtained final results can be 
combined with any georeferenced map as a background. 
Therefore, the validation of the precise point geocoding 
will assess implicitly the DEM error detected by the 
SPN, i.e.: the difference between the DEM used to 
substract the interferometric topography and the actual 
height where the reflection of the radar signal took 
place.  
 
 
 
 
Fig. 1. Geocoded topographic map with the radar points at 
0.8m/pixel (upper left) compared with an aerial ortophoto at 
0.5m/pixel (upper right) of the same area. The lower image is 
a zoom of the upper left previous image. 
3.5m
3.9m 
 
In the figure 1 is presented a linear feature analysed at a 
very concret area of the city of Barcelona. A couple of 
coherent points are showed. Their reflection probably is 
taken place at the metallic bridge. It can be appreciated 
the good accuracy of the geocoding. Looking at the 
zoomed window of the figure 1 it can be stated that the 
point geocoding errors on ground is approximately of 
1.6 m, less than one third of the pixel footprint. 
 
 3.  SPN COMPARISON RESULTS 
 
The main idea is to compare the movements estimated 
by the two  sensors (ERS vs ASAR), and especially the 
absolute displacement along the satellites line of sight. 
In addition, these results were compared with external 
meassurements obtained with precise levelling and with 
in situ validation. 
 
The mean subsidence velocity fields estimated over all 
the city by using the ERS1/2 (68) series and the short 
ASAR (5) series are showed in Figure 2. One may 
observe that the two maps show a very similar 
subsidence pattern. The results are also quite similar in 
terms of estimated mean velocity of the subsidence, 
with maximum values of about 1 cm/yr in the delta of 
the Llobregat river. Therefore, in a global way the 
mesurements are in agreement, instead of there are 
much more high frequency noise in the ASAR 
estimation due to the reduce number of data. 
  
Some particular areas of the city, presented in figure 3, 
where analysed also at high resolution. In one of them, 
an in situ validation was carried out. At that area, the 
risky buildings with high subsidence rates (red ones on 
the maps of figures3) could be clearly identified and 
checked for the in situ validation. Some photos taken 
recently show some big cracks at the external walls of 
buildings affected by high subsidence rates (about 0.8 
cm/year), an example is showed in figure 5.  
 
The scope in figure 3 is to show how the estimated 
subsidence maps are correlated between isolated 
datasets of ERS1/2 and ASAR, despite of the different 
observed time periods. Moreover, it is presented a very 
powerfull tool for the results interpretation and the 
ground validation by means of the precise point 
geocoding over topographic maps as well as aerial 
ortophotos of the city. 
 
From figure 3 it can be noted how the risky points 
remains in red on the mesures obtained with both 
 
 
Fig. 2. Geocoded mean subsidence velocity fields estimated with the ERS1 and 2 series (left), and geocoded mean subsidence 
velocity estimated from a short series of five ASAR images. The observed period for the ERS dataset spans from April 1995 to 
December 2002, while it covers about one year for the ASAR data, from April 2003 to March 2004. 
sensors. The subsidence rates of that points are slighty   
differents but it must be taken into account the different 
observed time periods. It can be noticed also a some 
false alarms on the ASAR subsidence rates. This can be 
explained by the fact that only 5 ASAR images are 
available. 
 
  
 
Fig. 3. Geocoded mean subsidence velocity fields estimated 
with the ERS1 and 2 series (top), and geocoded mean 
subsidence velocity estimated with only 5 ASAR (bottom). 
The stable points are geocoded over a topographic map at 0.8 
meters/pixel 
 
Once the interferometric phases are completely 
modelled and after the separation of the different 
effects, the profiles of the coherent points due to the 
terrain displacement can be analysed. The basic idea is 
to see that the ASAR values are correlated with the ERS 
time series values. As previously stated [4], the major 
problem here is to handle the high ERS-2 Doppler 
values from 2000. The profiles included hereafter in 
figure 4, show still high frequency fluctuations on the 
images affected by high Doppler centroid due to slight 
inaccuracies in the Doppler compensation scheme. 
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Fig. 4. Subsidence profile of the point A measured in 
figure 3. The estimation was based on the fusion of ERS 
and ASAR images. 
 
Comparing the ERS1/2 data (blue ones) with the ASAR 
(5 ping ones)  in figure 4 it can be checked that the 
behaviour of the two series are the same. This means 
that the phase continuity on the measurements is 
ensured. From an operational point of view this is a very 
good and important result in order to follow terrain 
deformation slow movements taking into account the 
ancient data of ERS-1 and ERS-2. 
 
Most of the pixel series  in the same test sites show a 
similar behaviour, which guarantees the integration of 
the ASAR data. However, in some other points showing 
low coherence the continuity is not followed possibly  
due to a bad Doppler compensation  since those pixels  
were not punctual targets,  and a more complex model  
is most probably needed to compensate the phase within 
the resolution cell introduced by high Doppler values. 
  A 
 
 
Fig. 5. Picture taken as a results of the in situ validation 
carried out for the point A marked in figure 3. 
 
4. CONCLUSION 
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The possibility of ERS/ENVISAT single cross-
interferograms was presented in precedent experiments, 
demonstrating that cross-interferometry is not just a 
theoretical possibility but feasible in practice [2]. The 
results extracted from the performed study show in a 
that continuity on the phase measurements between both 
sensors is possible. This is very important because from 
an operational point of view, millimetrical ground 
movements can be continually monitored by using the 
ERS-1/2 archived data. The major problem in the 
merging process is not the sensor differences but the 
high Doppler values of the last ERS-2 images. Even if 
the processing of the data requires working at high 
resolution and some additional care, surprising results 
can be obtained due to the introduced phase corrections. 
Maps of mean subsidence and of the building heights 
can be estimated over the whole city at full SLC radar 
resolution without the use of interpolation. 
 
In general the validation results can be considered very 
positive. The ERS/ASAR phase continuity has been 
demonstrated by comparing two independetn datasets of 
ERS1/2 and ASAR estimation, both at global (i.e. over 
the entire metropolitan area) and local scales, over 
selected features. Jointly estimating of the terrain deformation with ERS and ASAR images were analysed 
also by means of the single point deformation profiles. 
In both cases the ERS and ASAR results are in good 
agreement. 
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